Abstract Wheat (Triticum aestivum L.) is one of the most important cereal crops grown in the world. Drought is a worldwide problem, constraining global crop production seriously and recent global climate change has made this situation more serious. Two experiments (pots and field) were performed to investigate the effect of foliar spray with some biostimulants (amino acids 1.5 and 3 ml/L or yeast 3 and 6 g/L) to reduce hazards of drought stress (irrigation after the depletion of 65% and 80% of available soil water) on bread wheat (Sakha 94 cv.). The obtained results revealed that all studied characters of growth, relative water content (RWC), photosynthetic pigments, total soluble sugars (TSS), total carbohydrates (TC), total free amino acids (TAA), enzymes activities, minerals (NPK% and uptakes), yield and its attributes and grain quality were negatively affected by lower water supplies, meanwhile a significant increase was obtained in leaf water deficit (LWD), osmotic potential (OP), total phenols (TP) and proline content. The maximum decrease was recorded under high level of water stress (W2) compared to optimum level of water supply (W0). Application of amino acids and yeast extract significantly increased all measurement studied with exception of leaf water deficit, osmotic potential and proline content characters in favor of yeast application at a rate of 6 g/L compared to untreated plants in the two seasons. The interaction between the tested water stress and biostimulants was found to be significant for most characters of physiological traits and yield and its components. Also it was noticed that application of yeast (6 g/L) under normal water supply gave the best results of all studied characters. Also, it could be recommended that application of natural substances led to overcome the deleterious effect of drought and consequently resulted in improved the productivity of wheat and its grain quality.
Introduction
Wheat (Triticum aestivum L.) is one of the most important cereal crops grown in the world which plays a key role in the economic activity. It is used as a stable food grain for urban and rural societies and as a major source of straw for animal feeding. In Egypt, the cultivated area was around 3 million feddan yearly. Increasing the cultivated area of wheat should be done in the reclaimed land due to the limited areas of the Nile Valley and the competition of the main crops. Therefore, improving both quantitative and qualitative characteristics of wheat was still the aim of many investigators. Water stress (drought) is the most important factor that affecting the productivity of wheat. Exposing plants to water stress adversely affect plant growth and productivity (Namich, 2007) . Drought is a worldwide problem, constraining global crop production seriously and recent global climate change has made this situation more serious. Wheat should be irrigated when 50-55% of the available soil water is depleted in the root zone (Doorenbos and Pruitt, 1992; Mahmood and Ahmad, 2005) . Water deficiency is generally considered as one of the limiting factors for crop productivity which affects physiological and biochemical processes in plants (Osborne et al., 2002) . Egypt presents a typical example of the drought problem faced in some arid districts. There is a critical need to balance water availability, water requirements and water consumption. Thus, water conserving is becoming a decisive consideration for agriculture. Exploiting and increasing production in these areas are necessary to bridge the gap between production and consumption of wheat.
The application of biostimulants, i.e. amino acids and yeast extract was found to extent positive effect of plant growth which overcomes the harmful effect of some environmental stress such as drought. The importance of amino acids came from their widely use for the biosynthesis of a large variety of nonproteinic nitrogenous materials, i.e. pigments, vitamins, coenzymes, purine and pyrimidine bases. Studies have proved that amino acids can directly or indirectly influence the physiological activities in plant growth and yield (Mohamed, 2006) . Yeast extract is a natural source of many growth substances (thiamine, riboflavin, niacin, pyridoxine and vitamins B1, B2, B3 and B12), cytokinins and many of the nutrient elements as well as organic compounds i.e., protein, carbohydrates, nucleic acid and lipids (Barnett et al., 1990; Nagodawithana, 1991) . The positive effect of yeast extract in alleviation the deleterious effect of drought stress was observed by Hammad (2008) . In this connection, Mohamed (2005) found that active dry yeast as foliar application had a beneficial effect on growth, yield and chemical constituents of plants. Therefore, the aim of this study was suggested the possibility of using some natural substances (amino acids or yeast extract) to reduce the harmful effect of water stress with studying the physiological mechanism or changes under these situation, photosynthetic pigments, water relations, chemical constituents, yield and its quality of wheat.
Materials and methods

Experimental site
Two experiments (pots and field) were carried out during the two winter seasons of 2010/2011 and 2011/2012 at the Experimental Farm, Faculty of Agriculture, Minufiya University, in Shebin El-Kom, Egypt, to investigate the performance of spring wheat cultivar Sakha 94 in relation to foliar spray with some natural substances (amino acids ''commercial name Delfan'' and yeast extract) under drought conditions. Wheat cultivar was identified and obtained from Wheat Researches Institute, Agriculture Researches Center, Egypt.
Treatments
The experiments included 15 treatments which were all possible combinations of water stress and natural substances application. The plants under study were irrigation after depletion of 50% (W0), 65% (W1) and 80% (W2) of available soil water. These treatments reflecting conditions achieved as optimum level of water supply, moderate and severe water stress, respectively. The water stress treatments were applied after first irrigation until plant maturity. For the natural biostimulants, the plants were treated with delfan at 1.5 ml/L (D1), 3 ml/L (D2) and yeast extract at 3 g/L (Y1), 6 g/L (Y2) as well as untreated plants were taken as control. The treatments were sprayed three times, and the first one was 25 days after sowing and repeated each 15 days. Tween 20 was added to spraying solution at 0.5% as a surfactant. All cultural practices, other than treatment variables, were performed as recommended for the area.
Amino acids
Spanish compound known as Delfan 10% L-a-free amino acids was used as simulative compound source for amino acids mixture. Delfan is a brown liquid with pH of 5-5.5 and containing amino acids mixture as follows (mg/100 ml): Aspartic (2.3), Glycine (4.6), Threonine (1.2), Tyrosine (0.9), Glutamic (4.2), Histidine (0.3), Alanine (2.5), Cystine (0.2), Valine (1.8), Methionine (0.2), Isoleucine (1.1), Leucine (2.1), Phenylalanine (1.1), Hydroxyproline (2.7), Serine (2.8), Arginine (2.6), Proline (2.8) and Lysine (1.1). Also, contains amino nitrogen (1.4%) and organic matter (18.4%). Delfan is produced by Trade Corporation International Company Madrid and imported by TECNOGREEN Co., Egypt.
Yeast extract
The dry pure yeast powder was activated by using sources of carbon and nitrogen at a rate of 6:1 (Barnett et al., 1990 ) to obtain higher reactive yeast cells (1200 yeast cell/1 ml yeast extract). Then the media were frozen and thawed directly before usage.
Soil analysis
Soil samples of experimental site were randomly collected from depths of 0 to 30 cm and 30 to 60 cm using an auger before sowing to analyze for the determination of some physical and chemical properties of the soil according to Jackson (1973) , Chapman and Pratt (1978) and Klute (1986) as shown in Tables 1a and 1b .
Pots experiments
Wheat grains were sowing on 15 th November in the two seasons at a rate of 10 grains per pot. Pot was 25 cm inner diameter and 30 cm depth, and each holding 6 kg air-dry clay soil was collected from the soil surface (0-30 cm) of field experiment site. One week after sowing, the seedlings were thinned to 5 per pot. To obtain the recommended doses of fertilization in field, 0.6 g calcium super phosphate (15.5% P 2 O 5 )/pot was added before sowing. Ammonium nitrate (33.5% N) and potassium sulfate (48% K 2 O) were also added in two equal doses at first and third irrigation at rates of 1.34 g and 0.3 g/pot, respectively. Soil moisture levels were monitored for each treatment throughout the growing seasons by tensiometer or weighing soil samples before and after placing in an electric oven. When reaching the level of drought treatment the required amount of water was added to each pot to maintain the respective moisture. The experimental design was factorial and the pots were arranged in a randomized complete blocks with four replicates.
Measurements
After 96 days from sowing, ten plants were randomly selected from each treatment and the following data were recorded.
-Growth characters Plant height, No. of tillers/plant, No. of leaves/plant, shoots dry weight/plant, roots dry weight/plant, leaf area/plant and flag leaf area.
-Water relations
Relative water content (RWC%), leaf water deficit (LWD%), osmotic pressure of cell sap using the method of Kreeb (1990) . To indicate the extent of membrane damage in leaf tissues (membrane integrity) subjected to drought condition, measurements on leakage of solutes were determined following the method of Leopold et al. (1981) .
-Physio-chemical constituents (a) Enzymes activities (peroxidase and phenoloxidase) were measured using the methods described by Fehrman and Dimond (1967) and Broesh (1954) , respectively. (b) Photosynthetic pigments were determined according to Wettstein (1957) .
(c) Total soluble sugars and total carbohydrates, total phenols and total free amino acids in dry shoots were measured according to the methods described by Dubois et al. (1956) , Snell and Snell (1953) and Rosen (1957) , respectively. (d) Free proline in fresh leaves was measured using the method described by Bates et al. (1973) . (e) Mineral concentrations were measured in dried shoots.
Nitrogen was determined using the micro Kjeldahl method as described by AACC (2000), phosphorus was determined by spectrophotometer method as described by Snell and Snell (1954) , potassium was estimated using flamephotometer method described by Chapman and Pratt (1978) , then both their concentrations (%) and uptake (mg/plant) were calculated.
Field experiments
The experimental field was ploughed, harrowed and leveled. Sowing date was 15th November in the two seasons. Grains at a rate of 60 kg/fed were hand drilled in rows 15 cm apart in plots 3.5 m length and 3 m width with total area 10.5 m 2 , grains covered by thin layer of soil after drilled. Calcium super phosphate (15.5% P 2 O 5 ) was applied during soil preparation at the rate of 15.5 kg P 2 O 5 /fed. Nitrogen fertilization was applied at a rate of 75 kg N/fed in the form of ammonium nitrate (33.5% N) in two equal doses at first irrigation and second irrigation. Potassium fertilization was applied at a rate of 50 kg/fed in the form of potassium sulfate 48% K 2 O with nitrogen fertilization. To monitor soil moisture status, tensiometer was located at various depths in the soil profile near the effective fibrous root zone to check subsoil moisture. Soil water content was measured with the tensiometer every 2 days until the targeted soil water depletion was attained to determine when irrigation is required again. The experimental design was randomized complete blocks and the treatments were arranged in a form of split plot with three replications. The water stress levels were arranged at random in the main plots, whereas the biostimulants were assigned at random in the sub-plots. There was a 2.0 m empty buffer area between all main plots and also irrigation canal in order to eliminate any effect from plot to another and from the canal to plots. , grain yield/fed, straw yield/fed and biological yield/fed were estimated from square meter from the inner rows per each plot.
-Grain quality Protein percentage in the dry grains was calculated by multiplying N% by the factor of 5.70 which determined by using the micro Kjeldahl method as described by AACC (2000) .
Total carbohydrate percentage in the dry grains was estimated using the method described by Dubois et al. (1956) .
Total fibers in dry grains were determined using the method described by Sadasivam and Manickam (1992) .
Statistical analysis
All measurements data during the two seasons in this study were analyzed according to the methods described by Snedecor and Cochran (1980) . The differences among the means of different treatments were tested using the Least Significant Differences (LSD) at probability 5%. Statistical analysis was done using the CoStat package program, version 6.311 (cohort software, USA).
Results and discussion
Growth characters
The effect of water stress and natural substances (amino acids or yeast extract) individually or in interaction on growth characters is recorded in Table 2 . It is clear that all growth characters represented as plant height, number of tillers/plant, number of leaves/plant, shoots dry weight/plant, roots dry weight/plant, leaf area/plant and flag Leaf area were negatively affected by lower water supply treatments as compared with normal water supply treatment (control plants) in both seasons. Water stress could restrict internode elongation and leaf expansion through inhibiting cell expansion (Namich, 2007) . Also, drought causes losses in tissue water content which reduce turgor pressure in cell, thereby inhibiting enlargement and division of cell causing of reduce of plant growth and dry mass accumulation (Delfine et al., 2002) . These results are in agreement with those obtained by Mujtaba et al. (2007) , Maria et al. (2008) and Mahamed et al. (2011) in wheat.
It is obvious from the same table that foliar spraying of simulative biostimulants (amino acids or yeast extract) significantly increased all growth characters of wheat plant compared to untreated plants in both seasons. Yeast extract was suggested to participate in a beneficial role during vegetative and reproductive growths through improving flower formation and their set in some plants due to its high auxin and cytokinins content and enhancement carbohydrates accumulation (Barnett et al., 1990) and/or the fact that this substance enhanced cell division and nutritional status resulting in increasing number of leaves and dry weight of leaves, stems and roots. Application of delfan was improved growth which may be due to their role in raising cell division and enlargement and forming more tissues and organs. The beneficial effect of amino acids or yeast on crop growth characters was also reported by Mohamed (2006) and Zaki et al. (2007) . The differences in the interaction recorded significant values for all growth characters in both seasons. The average values indicate that the biostimulant treatments significantly increased the most growth measurements of wheat plants grown under drought conditions. In this respect, application of yeast extract at higher level (Y2) under normal water supply (W0) gave the maximum increases as compared with other treatments. Moreover, spraying wheat plants grown under any water stress conditions with amino acids or yeast resulted in a significant increase in all growth characters if compared with its control. The positive effect of yeast extract may be due to the fact that it is a natural source of cytokinins, vitamins and most essential elements (Nagodawithana, 1991) , which improved wheat vegetative growth and overcome the inhibitory effect of moisture stress. The obtained results are in agreement with those achieved by El-Garhy (2002) 
Water relations
In both seasons, results in Table 3 indicate that water stress levels significantly affected on relative water content (RWC), leaf water deficit (LWD), osmotic pressure (OP) and membrane integrity (MI), there was a gradual reduction in RWC, and meanwhile there was a gradual increase in OP and MI in leaves of wheat plants as compared with control plants.
The maximum reduction in RWC reached about 15.15 but LWD, OP and MI were increased under the severe water stress (depletion 80% of available water) compared to control (depletion 50% of available water). RWC has been reported as an important indicator of water stress in leaves which is directly related to soil water content. This indicated grater resistance to water flow at the soil-root interface or decreased hydraulic conductivity of soil at low soil moisture. In addition, Ranney et al. (1991) proved that with osmotic adjustment mechanism, there is lowering osmotic potential of the cells and hence participates in maintaining of full turger of tissue under water stress conductions. Osmotic adjustment is an active accumulation of solutes within the plant in response to decrease in soil water potential, thus reducing the harmful effects of water deficit. Under stressed conditions cell membranes are subject to changes often associated with the increase in the cell permeability (Blokhina et al., 2003; Iqbal, 2009 ). These results are in line with those obtained by Mujtaba et al. (2007) , Maria et al. (2008) , Zhang et al. (2009) and Waraich and Ahmad (2010) on wheat and Hammad (2008) on pea.
Concerning the effect of spraying wheat plants with amino acids or yeast extract, data in Table 3 showed clearly significant increments in RWC compared to untreated plants. Presented result showed that application of these natural extracts enhancement OP and MI compared to control plants which had the highest OP and solute leakage from leaf in both seasons. In general yeast extract especially at the highest rate Physiological and biochemical studies on drought tolerance of wheat plants by biostimulants application (6 g/L) gave the best results. It is well known that, when transpiration exceeds water absorption, cell turgor falls as relative water content and cell volume decreased (Lawlor and Cornic, 2002) Table 3 indicate that peroxidase and phenoloxidase activities in wheat leaves were negatively effects under drought conditions. Enzyme activities were decreased in response to water stress and maximum decrease was noted in severe stress.
The obtained results are in agreement with those achieved by Iqbal (2009) who found that water stress treatment decreased peroxidase activity in wheat leaves. Maria et al. (2008) revealed that there was a great decrease in the activity of phenoloxidase in the leaves of wheat plants was reported with increasing the water deficit.
Results recorded in the same table demonstrated that the application of natural substances caused a significant enhancement in peroxidase and phenoloxidase activities in wheat leaves compared to untreated plants. In this connection, El-Nabarawy (2001) mentioned the importance and role of amino acids in synthesizing processes enzymes that are very important for growth and protein synthesis. However, Abbas (2013) mentioned that the incremental effect of yeast extract might attribute to the influence on photosynthetic pigments, phytohormones and enzyme activity that in turn increased vegetative growth of faba bean plant.
Concerning the interactive effect of water deficit and biostimulants, data in Table 3 showed a significant difference in peroxidase and phenoloxidase activities. The highest mean values were recorded in plants treated with yeast (Y2) under moderate water stress (W1) as compared with their controls in both seasons. However, the lowest enzyme activities were obtained under severe stress in the absence of amino acids or yeast extract.
(b) Photosynthetic pigments
Statistical analysis shows significant decrease in chlorophyll a + b and carotenoids by increasing water stress conditions compared with control as shown in Table 4 . The decrease in the photochemical activities of chloroplast caused by water stress can be correlated with the decrease in the accumulation of chlorophyll. A decrease in net photosynthetic rate under water stress is also related to disturbances in biochemical processes of a non-stomatal nature, caused by oxidation of chloroplast lipids and changes in the structure of pigments and proteins (Marcinska et al., 2013) . In addition, Waraich and Ahmad (2010) mentioned that net CO 2 assimilation rate decreased with increase in water deficit developed due to limited irrigation of wheat. Decrease in stomatal conductance as a result of water deficit could be the main reason of reduced CO 2 assimilation rate. These results were generally in accordance with those obtained by Maria et al. (2008) on wheat.
Concerning the effect of spraying amino acids (D) or yeast (Y), data in Table 4 showed clearly significant increment in total chlorophyll (chl. a + b) and carotenoids of wheat leaves compared to untreated plants. Best results were obtained by the application of Y2 which gave the maximum increment followed by Y1 then D2 extract. These findings were true during the two growing seasons. Such results are connected with those reported by Alaei (2011) for amino acids on wheat leaves and Mohamed (2005) on common bean for yeast. In this connection, El-Nabarawy (2001) mentioned the importance role of amino acids in synthesizing processes of chlorophyll. Moreover, Wanas (2002) reported that yeast enhanced the formation of chlorophyll and delayed its degradation and senescence of bean plants.
As for the interaction between moisture stress and biostimulants, it can be noticed that the application of amino acids or yeast extract alleviated the negative effect of drought stress and significantly enhanced photosynthetic pigments. In this connection, El-Garhy (2002) showed that application of yeast significantly increased chlorophyll and carotenoids concentration in faba bean plants grown under least water requirements. Moreover, application of amino acids improved chlorophyll under applying drought stress as obtained by Alaei (2011) on some wheat genotypes.
(c) Total soluble sugars, total carbohydrates, total free amino acids and total phenols concentrations
In both seasons, results in Table 4 indicate that water stress levels significantly affected on total soluble sugars (TSS), total carbohydrates (TC), total free amino acids (TAA) and total phenols (TP). The lowest values of TSS, TC and TAA as well as the highest values of TP were obtained by W2 treatment. The reduction in TSS and TAA could ascribed to water induced loss of solutes (mainly K + ) from guard cells, which resulted in a selective reduction in guard cells turgor leading to stomatal closure. Zhang et al. (2009) mentioned that the soluble carbohydrate concentration in well-watered wheat plants was higher than those of stressed plants. Furthermore, Hammad and El-Gamal (2004) found that total phenols in pepper leaves were significantly enhanced under water conditions.
The obtained results in the same table indicated that the usage of natural substances caused a significant increase in TSS, TC, TP and TAA compared to untreated plants. The high contents of TSS, TC and TAA considered as a direct result for high rates of photosynthesis with great efficiency, which was preceded with large photosynthetic area (Table 2) and high content of photosynthetic pigments (Table 4) . Generally, it was observed that the application of yeast was more effective. Yeo et al. (2000) found that yeast contains trehalose-6-phosphate synthase which is a key enzyme for trehalose biosynthesis. Trehalose affects sugar metabolism as well as osmoprotection against several environmental stresses. These results are in line with that obtained by Barnett et al. (1990) and Mady (2009) . Concerning the interaction, it is clear that yeast application at the high level under normal water supply was more the most effective treatment in increasing TSS, TC and TAA which produced the highest values of the traits as compared with the other treatments. However, the untreated plants with either amino acids or yeast had the lowest values of these traits under severe stress conditions.
(d) Proline content
It is obvious from Table 4 that there is a remarkable increase in leaf proline content under drought condition when compared with control plants. Proline not only acts as an osmolyte but also contributes in stabilizing subcellular structures (e.g. membranes and proteins), scavenging free radicals, and buffering cellular redox potential under stress conditions (Iqbal, 2009) . Furthermore, Pedersen et al. (1996) reported that there was a positive correlation between proline concentration and membrane integrity of tobacco leaves and proline believed to stabilize membrane phospholipids which helps the plants to overcome periods of drought stress. These findings were supported by those obtained by Mujtaba et al. (2007) and Maria et al. (2008) in wheat.
Concerning effects of amino acids or yeast extracts treatments, results indicated that these treatments caused a significant reduction in proline content compared to untreated plants in both seasons. The highest depression was recorded with the application of yeast extract at the rate of 6 g/L. Generally, the application of natural substances (D or Y) with drought significantly decreased proline concentration compared to untreated plants (water stress alone). The role of amino acids in abiotic stress tolerance was reported by Singh (1999) who mentioned that this class of molecules includes certain amino acids (notably proline), quaternary ammonium compounds. These compounds are thought to play a pivotal role in plant cytoplasmic osmotic adjustment in response to osmotic stress. These results confirm those reported by ElGarhy (2002) Table 5 indicate that water stress treatments affected on both NPK percentages and uptakes in stress tissues negatively compared to untreated plants. The maximum reductions were recorded under W2 treatment (high stress) which reached about 22.11%, 29.73% and 15.98% for N%, P% and K% in the first season respectively. The same trend was recorded in the second season. The reduction in P concentration may be due to the dieback of the absorbing roots during the exposure of plants to drought conditions (Larson, 1975) . In addition, Baque et al. (2006) observed that mild and severe water stress significantly reduced the uptake of NPK in wheat plants compared to that of normal conditions. These results are in accordance with those obtained by Maria et al. (2008) in wheat plants.
The same table clearly indicated that the application of natural substances significantly increased NPK% and uptakes compared to control. Using yeast extract showed the greatest significant increase. Amino acids and yeast extract may be increased absorption of different elements by roots and also their translocation and accumulation in leaves. Similar results were observed by Hammad (2008) and Mady (2009) .
Obtained results in the same table demonstrated that the application of natural extracts (D or Y) alleviated the negative effect of drought stress and significantly enhanced N, P and K concentrations especially under normal conditions with yeast extract. The second season followed the same trend. Similar results were obtained by El-Garhy (2002) on faba bean. The application of yeast under drought stress condition caused a significant increase in N%, P% and K% in pea leaves which could be attributed to its minerals, carbohydrates and hormonal contents (Hammad, 2008) .
Yield and its attributes
Data in Table 6 reveal that significant differences were registered in yield and its attributes (number of spikes/m 2 , number of grains/spike, 1000-grain weight and grains weight/spike) among the various drought stress treatments in both seasons. It is apparent that yield components were reduced due to affected by drought treatments compared to normal water supply in the first and the second seasons. The greatest reduction was observed in the severe water stress treatment (W2). The low grain weight could have occurred due to the direct effect of water stress on carbohydrate accumulation. Iqbal (2009) indicated that water stress affected of wheat plants might lie not only in the variations in physiological processes such as accumulation of osmolytes, antioxidant capacity, stomatal conductance but also in changes in the phytohormonal balance. Yield and its components were increased when the frequency of irrigation increased. The reduction in photosynthesis under drought stress which is the most important anabolic process in plants, resulting in reducing the efficiency of all other biological processes in plant which led to reduction of growth and yield. Delaying irrigation until soil water reached 65% or 80% depletion had the effect of decreasing grain, straw and biological yields. This could have occurred due to loss of yield components. Increasing soil moisture depletion levels decreased the grain yield as an average of the two seasons by about 14.63% and 41.37% for W1 and W2, respectively compared with W0. The results are in line with those reported by Iqbal (2009), Waraich and Ahmad, (2010) , Mahamed et al. (2011) and Mohammadi et al. (2013) .
Foliar spraying wheat plants with biostimulants significantly increased yield and its components in both seasons. The different natural substances used, were more efficient in raising the photosynthetic surfaces of plants that reflected positively in raising their yield components. The highest mean values are recorded in plants treated with Y2 (6 g/L). As an average of the two seasons, it can be noticed that the plants were treated with yeast (Y2), (Y1) and delfan (D2) caused an increasing in grain yield/fed amounted to 27.93%, 22.42% and 20.49% more than untreated plants, respectively. The positive effect of yeast extract on yield and its components may be attributed the fact that it contains cytokinins, vitamin B12 and minerals, which might play a role of in orientation and translocation of metabolites from leaves into reproductive organs. Moreover, it may play a role in synthesis of protein and nucleic acids and minimize their degradation, which might lead to the improvement of yield plants. These results partially agreed with the findings of Mohamed (2006), Zaki et al. (2007) and Dromantiene et al. (2009) . The interaction between natural biostimulants (D or Y) and water stress on yield attributes had significant effect on yield and yield components. The data in Table 6 showed that application of yeast extract under W0 gave the best results in both seasons for yield components. It can be noticed that the application of natural substances inhibitory effect of water stress and improved yield and its components of wheat plants. The natural substances showed significantly good performance than other treatments in normal irrigation and drought stress conditions. It seems that natural substances supply would increase grain set or inhibit its further reduction due to water stress conditions. Several studies have convincingly demonstrated that the application of natural substances provides tolerance to various stress conditions (Al-Thabet, 2006 and Alaei, 2011) .
Grain quality
The results presented in Table 7 show significant depression in total protein and carbohydrates meanwhile a gradual increase in total fibers in wheat grains as a result of plants treated with severe drought conditions (W2). Irrigation until soil water reached 50% or 65% depletion had the effect of increasing grain protein and carbohydrates content. This could have occurred due to more NPK uptake from the soil compared to irrigation until soil water reached 80% depletion. These results are in line with those obtained by Dromantiene et al. (2009) and Bakry et al. (2012) .
It is obvious from the same table that foliar spraying of natural biostimulants significantly increased total carbohydrates and total protein meanwhile decreased total fiber in wheat grains compared to control plants. In general, yeast extract was superior to amino acids on grain quality in both seasons. Improving quality by application of yeast extract and amino acids were recorded by Dromantiene et al. (2009) and Abbas (2013) .
Concerning the interaction effect of water deficit and natural substances, it can be noticed that the application of amino acids or yeast extracts alleviated the negative effect of drought stress and significant enhanced total carbohydrates and protein in grains. The best interaction results were recorded in plants treated with optimum water supply or moderate water stress combined with foliar application of yeast extract (6 g/L) in both seasons.
Conclusion
Sufficient water supply is fundamental for optimal growth and productivity. The decrease in the plant yield might be affected by changes in the physiological processes under water stress. Results showed that soil moisture stress causes low grain yield by inducing low growth, number of spikes, grain weight and number of grains/spike. Thus, wheat plants appear to be suffering yield losses due to deficiency of irrigation water. Therefore, wheat grower must be careful about water stress especially on critical stages which can cause tremendous yield losses. It could be recommended that application of natural biostimulants especially yeast extract at the rate of 6 g/L led to overcome the deleterious effect of drought and consequently resulted in improved the productivity of wheat and its grain quality.
